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Eugene V. Koonin graduated from
the Biology Department of Moscow
State University in the former USSR
in 1978. In 1983, he was awarded a
PhD in molecular biology by the
same University, for experimental
work on viral RNA replication. In
the mid-80s, he gradually switched
from experimental virology to
computational analysis of protein
sequences. He moved to the
National Center for Biotechnology
Information (NIH, Bethesda, USA)
in 1991 and became a senior
investigator in 1996. He currently
leads a group of researchers
investigating various aspects of
evolutionary genomics and protein
evolution.
What do you find attractive
about your chosen field?
Evolutionary genomics allows one,
in fact, forces one to address an
extremely broad range of
biological questions, and I find
tihs immensely enjoyable.
Do you have a favourite paper?
Yes: Zuckerkandl, E. and Pauling,
L. (1965). Evolutionary divergence
and convergence of proteins. In:
Bryson V. and Vogel H.J. (eds.)
Evolving Genes and Proteins.
Academic Press, New York, pp 97-
166. In this long but beautiful
paper, Zuckerkandl and Pauling lay
the foundations of the theory of
molecular evolution with the most
admirable lucidity. Almost 40 years
have passed and discoveries
hardly imaginable at the time have
been made, but their framework
still stands firm. I had the good
fortune to read this article while still
in middle school and realized that
this was the science I really wanted
to pursue, a road eventually taken,
albeit not without detours.
Any advice for aspiring
biologists? The best advice to all
scientists is a succinct formula for
making discoveries given by
Arthur Conan Doyle: eliminate the
impossible; then, what remains,
however improbable, is the truth.
As for aspiring biologists, my
advice will be the opposite of that
usually given to aspiring poets: if
you are wondering whether to
become a biologist, you probably
should. It is a great profession:
you are paid — reasonably well
after a while — for doing exciting
research, in which even small
findings make a lot of sense. And
as so much of this research is
genuinely relevant to medicine,
ecology, and agriculture, funds
are likely to be available for the
foreseeable future.
What is your favourite among
your own papers? Koonin EV,
Mushegian AR, Galperin MY,
Walker DR. (1997). Comparison of
archaeal and bacterial genomes:
computer analysis of protein
sequences predicts novel
functions and suggests a chimeric
origin for the archaea. Mol.
Microbiol. 25, 619-637. This paper
irked some people in the genomic
community, perhaps in part
because of some awkward
wording. But I think it is important
because, to my knowledge, it is
the first to point out the likely
fundamental role of horizontal
gene transfer in prokaryotic
evolution, from a full-scale genome
comparison. It is also (so far) the
last major paper for which I did the
bulk of the technical work myself…
Do you have a scientific hero?
Two, both well recognized giants:
Charles Darwin and Francis Crick.
What unites them is the
indomitable intellectual courage
which persuades one to embrace
the improbable when one is
convinced it is the truth and to
follow through the implications,
wherever they might lead.
Any views on the electronic
revolution in publishing? I think
the ‘electronic revolution’ is
proceeding exactly is it should —
more as an evolutionary transition
than a bona fide revolution. A
substantial part of the research
from my group is published in
new, open access electronic
journals, but we do not turn away
from more traditional ones. I think
a very important positive effect of
open access publishing is that it
pushes the old journals to become
inventive and offer their material
on the Web in one form or
another, without compromising
their economic basis. 
Any strong views on journals
and peer review? I think elite
journals, such as Nature and
Science, should exist; the
competition for their pages is
healthy and conducive to scientific
progress. But this competition all
too often deteriorates into a power
struggle and arbitrariness. It is
very difficult to offer a remedy. At
the very least, I think practicing
scientists should have more say in
the editorial decisions of the top
journals than they currently do.
Peer review is much like
democracy: the worst system
imaginable except for all others.
Ditto for anonymity. But it might
make sense to at least experiment
with offering referees the choice
between the double-blind and
double-open approaches. The
review process is a heavy burden
on referees and authors alike. I
think it is a good idea to
discourage lengthy reviews with
numerous non-essential quibbles.
What is your greatest ambition?
To develop an understanding of
the driving forces of biological
evolution, in the process
developing an understanding of
what ‘understanding’ means vis-à-
vis biological evolution.
What are the big issues to be
answered next in your field? The
origin of biological complexity,
particularly the burst in complexity
associated with the emergence of
eukaryotes. A plausible scenario
for the origin of life, especially the
protein-coding system. The nature
of genetic changes associated
with speciation. Do proteins with
the same fold always have a
common origin? At a completely
different level, more along the line
of a challenge to the community, a
new generation of databases truly
integrating different types of
information. 
Is theoretical biology going to
be important in the 21st
century? Yes, it is gaining
momentum. But I find it useful to
be rather strict about the definition
of theoretical biology. Research is
not theory simply because no test
tubes are involved: most
computational biology, including
most of the things my group does,
is really computational
experiment. Genuine theory,
where theoretical models are built
and pitted against observations, is
on the rise too, but I do not think it
will ever be as important in
biology as it is in physics. This is
because many crucial aspects of
biological systems, the products
of interplay between mutation and
selection, may lend themselves to
description and generalizations,
but not to derivation from a small
set of simple principles. 
Is science a social construct or
a quest for objective
knowledge? To a very large
extent, it is a social construct in
the sense that what is recognized
as important research and funded
is determined by criteria that can
hardly be considered scientific.
The role of scientific establishment
and fashion in the development of
science is huge as is the influence
of social factors outside science.
Another crucial matter is the
language we use to make
scientific statements. I think it is
useful to deconstruct this
language in order to try and see
which statements are about the
Universe and which are just about
language. All that being said, the
current advances in objective
knowledge are quite amazing.
Are philosophy and the history
of science important for
scientists? To me at least, they
definitely are. The works of
several 20th century philosophers
help me to understand better what
I am doing. History of science also
is of great value. It is almost like
the tree of life: the big branches
are relatively stable, but most of
the twigs have dried and died,
often because they were indeed
fruitless, but sometimes simply
because growth in other parts of
the tree overshadowed them. It is
sometimes instructive to look
back at forgotten research
directions and disputes of old. 
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Theory in Biology
Happy days here
again?
Graeme Mitchison
The late 1960s were happy days
for a biological theoretician. The
monumental early discoveries of
molecular biology were still fresh
in people’s minds, and it was
hoped that the further ramparts of
biology — development and
neuroscience — would yield to the
speculative, model-building
approach that had just proved so
brilliantly successful.
I possess a relic of those times:
the proceedings of a series of
meetings at the Rockefeller’s Villa
Serbelloni entitled ‘Towards a
Theoretical Biology’. On the
inside covers of the volumes are
photographs of eminent scientists
marshalled around a grand
mahogany table. The likeness to
the table at the Solvay
Conference of 1911, attended by
many of the greatest physicists of
the time, is surely not accidental;
the arrangement and poses of the
figures is strikingly similar. No
doubt the Serbelloni organizers
reasoned that biology was in a
state of ferment comparable to
that which gripped physics fifty
years earlier, and that the
distinguished scientists they had
assembled would lay down the
theoretical foundations of their
subject, just as the physicists had
done fifty years earlier.
The meeting must have been
lively and enjoyable, but it did not
usher in a new epoch, and
theoretical biology continued
much as it always had done, as an
essentially opportunistic activity
with a ragbag of methods. As the
examples in Geoffrey North’s
recent editorial (Curr. Biol. 13,
R719–R720) show, its successes
arise from a close alliance
between theory and experiment,
so close that the two are often
carried out by the same person.
This is clearly a long way from the
physicists’ paradigm, where
theory has a life of its own and
can be pursued in isolation, often
in separate departments devoted
to high abstraction.
Or at least that is how it
appeared until quite recently. But
the genomic era has brought with
it a rapid gearing-up towards
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The participants of the first conference in the series ‘Towards a Theoretical Biology’,
held at the Villa Serbelloni in August 1966. Seated, from left to right: Christopher
Longuet-Higgins, Ernst Mayr, ‘Wad’ Waddington, Ruth Sager, Brian Goodwin, Doris
Manning and John Maynard Smith. Standing: A. G. Cairns-Smith, Rene’ Thom, Sam
Devons, John Platt, Howard Pattee, Christopher Zeeman, Dick Lewontin, Karl
Kornacker, Paul Lieber, Jack Cowan, Heinrich Kroeger, Lewis Wolpert and Donald
Michie. Photograph reproduced with permission from Towards a Theoretical Biology,
Edited by C.H. Waddington, Edinburgh University Press (1968).
